ABSTRACT:DDA(Discontinuous Deformation Analysis),a numerical method used to analyze the discontinuous media,is used to simulate the deformation mechanism of a sand model in this paper.The microscopic mechanism of deformation properties of a sand model such as elasto-plastisity,dilatancy,strain softening,hysteresis loop during unloading-reloading,volume contraction during unloading and formation of shear zone are analyzed and explained by the DDA simulation.The method that takes sand as discontinuous particles provides a powerful approach in the field of soil mechanics.
1.INTRODUCTION
It is well recognized that the stress-strain relationship of sand,such as elasto-plasticity, dilatancy,strain-softening,hysteresis loop during unloading-reloading and volume contraction during unloading,is very complicated.The mechanism of these phenomena has not been fully understood.Some explanations of the mechanism are given based on conjecture.Still there remain many aspects that puzzle the researchers of soil mechanics.
The complexity of the phenomena lies mainly on the discontinuity of sand.In fact,sand is composed particles of many kinds of mineral materials and is of air-liquid-solid three-phase in some cases.In numerical simulation,sand is usually treated as continuous media.Although it has been realized that the way of revealing the unique stress-strain relationship of sand through its microscopic aspects should be followed,it is too difficult to build quantitative relationship between microscopic and macroscopic behaviors. Hence the research on sand by using discontinuous media mechanism through its microscopic aspects mainly depended on perceptual understanding,qualitative analysis and theoretical analysis of particle movement. Rowew studied the dilatancy property of soil by analyzing the movement pattern of particles under different stress condition.Some meaningful results were obtained.But a few assumptions were made in the study and an incorrect conclusion that dilatancy is unrecoverable was yielded.
Numerical simulation of particles is a useful way to reveal the deformation properties of sand from microscopic to macroscopic scale.There are a few methods can be selected,DEM (Distinct Element Method) where [Ti] is the block deformation matrix.
Equation (2)expresses the relationship between deformation and block shapes,and block shape is updated by using equation (2) (3)can be found in Shi's works [3] .In the calculation showed bellow,the static mode is used and the first and second terms in the left side of equation (3) 
By penalty and formula(4),the contact and friction at block surface can be simulated. The penalty pn and shear stiffness KS are taken as the same for all the contacts.At the first step, an initial value is set as: (s) where:Emax is the maximum Yong's modulus Figure 1 Contact mechanism among all the block materials.And then they will be adjusted after a step calculation as bellow: (6) where Comparing Figure  4 and Figure  5 it can be seen that, the computed stress-strain curve is similar to the experimental one.
Dilatancy
Dilatancy is a specific property of soil and sand in shear test. When consolidation is made, the specimen takes its mostly compacted state, and particles inside show a layout of triangle distribution {See Figure 6 (a)}. Under this condition the porosity of specimen is estimated as n=19% and minimum void ratio emin=0.24. From Figure 5 it can be seen that, adding load up to the value of 80% peak load, particles start to move, leading to the decrease of density and the increase of porosity. It corresponds to the increase of specimen volume from the point of macroscopic view, at the same time it occurs the phenomenon of dilatancy. While at the state of residual strength, the particles of specimen take a layout of quadrate distribution and the specimen is most loosely composed. The porosity is approximated around n=38% and maximum void ratio emax=0.46. In such case, the dilatancy can reach to Ev =-19%. The calculated maximum dilatancy is only about Ev =-12% due to the reason that friction exists at two ends of specimen.
Strain hardening with dilatancy
As a special deformation property of close sand, strain hardening happens with dilatancy. This phenomenon can also be seen from figure 4. At the beginning of loading, the volume strain decrease because the elastic deformation, but when the shear stress reaches to about 50 percent of the peak load, dilatancy begins to happen and the shear stress can still increase until the dilatancy reaches to about 2% (See Fig. 4) . The reason of this phenomenon can be considered as bellow: when the shear stress reaches to certain level, some particles begin to move and some particles are pushed outward leading to the dilatancy, and then the stresses redistribute leading to a new steady state. The increasing of load is needed to cause new motion of particles till the shear zone is formed.
Strain softening
At compact state, particles of specimen take a layout of equilateral triangle distribution {Figure 6 (a)}. Angle of through central point lines is 60°. While at the residual strength state, particles of specimen changed to a layout of quadrate distribution. The angle of central point lines is 45° {Figure 6. (c)}. Static force analysis of particle 1 and 3 is made here to explain their force balance at peak strength and residual strength. Five forces acted on particle 3 are particle 1 and 4, friction forces P' tan co with particle 1 and 4 and external force P3. The balance analysis of particle 3 yields P1=3.732 P3 for compact state, which means particle 3 will start moving outward when P1 equals 3.732P3 . In the numerical simulation, P3 equals 200kPa. Acordingly from the balance analysis when P1 equals 746kPa, plastic deformation of specimen will occur. The calculated force of P1 is slightly larger than the analized value.
At residual strength state, static balance analysis to particle 3 yields P1=1.732 P3. It gives that the residual strength is about 46.6% of the peak strength. The result agrees well with the computation (Figure 4) . assumptions are taken in the present paper. In the further research, the influence of shape of particles and the parameters to the result should be studied and a model near to the actual sand should be used.
